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INTRODUCTION
In some oriental populations, the activity of aldehyde
dehydrogenase (ALDH),which is regulatedgenetically,
is reduced hence high concentrations of acetaldehyde
(AcH) are accumulated in blood following ethanol
(EtOH) ingestion (1). AcH, which has a simple chemical
structure and is the firstmetabolite of ethanol, hasmany
pharmacological and physiological actions (2), which
when present at high concentrations in the blood leads
to adverse effects including flushing, headache and
discomfort.
EtOH absorption from the intestine is performed
by simple diffusion (3-5) and this is regulated bymany
factors, including the concentration gradient during
absorption, blood flow at the absorption site, stomach
emptying time, speed of EtOH ingestion and drug
interactions with the gastrointestinal tract (5,6). We
have previously found that accumulation of AcH in
blood inhibits EtOH absorption in canines and rats
with induction of intestinal secretion and reduction
of intestinal blood flow (7-10). In addition, we have also
clarified that such inhibition ismediated by cholinergic
nerves via peripheralmuscarinic receptorsusingatropine,
bethanechol and pilocarpine (11). However, the involve-
ment of other receptors, such as nicotinic or adrenergic
receptor, has not been studied yet.
Hence the main aim of this studywas to investigate
the mechanism of action by examining the effects of
hexamethonium (C6), a ganglionic nicotinic receptor
blocking agents and yohimbine (YO), anα2-adrenergic
antagonist, on the inhibition of intestinal EtOH absorption
through theaccumulationofAcH in theblood.Additionally,
we wished to investigatewhetherother aliphatic aldehyde
compounds can inhibit the absorption of their parent
alcohol, using 1-propanol (PrOH)with cyanamide (CY),
a potent inhibitor of ALDH.
ORIGINAL
Less contributionof thenicotiniccholinergicand α2-adrenergic
action of high acetaldehyde concentrationon the inhibition
of intestinal ethanol absorption
Hiroshi Kinoshita, Iwao Ijiri＊, Setsuko Ameno＊, Shigeru Hishida, and Kiyoshi Ameno＊
Department of Legal Medicine, Hyogo College of Medicine, Hyogo, Japan ; and *Department of Forensic
Medicine, Kagawa Medical University, Kagawa, Japan
Abstract : In the present study, we investigated the effects of hexamethonium, a ganglionic
nicotinic receptor blocking agents and yohimbine, anα２-adrenergic antagonist, on reduction
of ethanol absorption in presence of high acetaldehyde concentration. Hexamethonium
had no effect, whereas yohimbine by itself reduced ethanol absorption, but no additional
effects were observed with presence of high acetaldehyde. Propionaldehyde had an inhibitory
action on intestinal 1-propanol absorption. As both yohimbine and propionaldehyde are
associated with vagus nerve activation, these results indirectly support the hypothesis
that a cholinergic mechanism through vagus nerve activation is responsible for the inhibition
of intestinal ethanol absorption by acetaldehyde. J. Med. Invest. 51:38-42, February, 2004
Keywords : acetaldehyde, ethanol, hexamethonium, intestinal absorption, yohimbine.
Received for publication August 6, 2003 ; accepted August 21,
2003.
Address correspondence and reprint requests to Dr. Hiroshi
Kinoshita, Department of LegalMedicine,HyogoCollege ofMedicine,
1-1, Mukogawa-cho, Nishinomiya, Hyogo 663-8501, Japan and Fax:
+81-798-49-3279.
The Journal of Medical Investigation Vol. 51 2004
３８
MATERIALS AND METHODS
MaleWistar rats (273±30g) were used in this study.
The rats were housed in a temperature-controlled en-
vironment (22-24℃), with controlled humidity (50 -
70%) and a standard light/darkness cycle (12/12hrs).
Rats were fasted for 18h prior to experiment, but had
free access to water. Experimental procedures were
performed following pentobarbital anesthesia (50mg/
kg), as previously described (9 -11). Inbrief, catheters
(Intramedic PE-50, Becton Dickinson, Sparks, U.S.A.)
were placed in the femoral artery and vein for sample
collection and drug administration. A 20 cm-length of
jejunum segment was prepared for perfusion of EtOH
or PrOH, after a midline laparotomy. Following the
surgical procedure, the jejunum segment was returned
to the abdominal cavity and abdomen was closed to
maintain the local temperature and humidity. Body
temperature was maintained at 37±0.5℃ throughout
the experiment.
Experiment 1.Ratsweredivided intosixexperimental
groups (5-7 rats/experimental group), as follows :
pretreatment saline (control),CY,YO,CY＋YO,C6 and
CY＋C6. The dose of CY, YO andC6 used in pretreatment
were 50mg/kg, 0.5mg/kg and 10mg/kg, and eachwere
performed 60min, 30min and 10min before EtOHper-
fusion, respectively. Each of these agents was disolved
in saline(0.1 ml/100g body weight). EtOH solution
(4% w/v) was perfused for 30 min(1.6g EtOH/kg)
at a steady rate.
Experiment 2. Ratsweredivided into twoexperimental
groups (4 rats/experimental group), as follows : pretreat-
ment saline (control), or CY. The pretreatments of CY
were the same as in Experiment1, and PrOH solution
(4% w/v) was perfused for 30min (1.6g PrOH/kg) at
a steady rate.
EtOH, AcH, PrOH and propionaldehyde (PrCHO)
concentrations in each sample were quantitated by
the head-space GCmethod (12). The value of Kawas
calculated according to the previous report (9 -11, 13).
AcH was purchased fromMerck (Munchen, Germany).
All reagents except AcH were purchased fromWako
Pure Chemical (Osaka, Japan.).
Data were expressed as means±SD. Statistical anal-
ysis of the data was performed using the student’s t-test.
Values of p<0.05 were accepted as representing sig-
nificant differences. This study was approved by the
Kagawa Medical University Animal Investigation
Committee.
RESULTS
Figures 1 and 2 show the Ka values and peak AcH
concentrations, respectively from Experiment 1. The
value of the control group and CY group have been
published previously (11). TheKa value in the YOgroup
was significantly lower than that of the control, without
the high concentration of AcH.No additional decrease
in the value of Ka in the CY＋YO group was observed
in comparison with that of the YO-alone group, but
was significantly lower compared to the CY group.
The Ka values were not significantly different between
C6 and the control, CY＋C6 and CY, respectively.
Figure 1. Values of absorption rate constant (Ka).
CONTROL : control group, CY :cyanamide pretreated group, YO:
yohimbine hydrochloride pretreatedgroup,CY＋YO : cyanamidewith
yohimbine hydrochloride pretreated group, C6 : hexamethonium
bromide pretreated group, CY＋C6 : cyanamidewithhexamethonium
bromide pretreated group. The values are means±SD (n=5 or 7).
＊p<0.05 compared with control. ＊＊ p<0.05 compared with CY.
Figure 2. Peak blood acetaldehyde concentration for each treat-
ment group.
All abbreviations are same as in Figure 1.
The values are means±SD (n=5 or 7). ＊p<0.01 comparedwith control.
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Table 1 shows peak concentration of PrOH and
PrCHO for each group in Experiment 2. Mean blood
concentrations of PrCHO pretreated with CY groups
were increased markedly compared to the control
group and the value of Ka in the CY group was
significantly lower than in the control (Figure 3).
DISCUSSION
It is generally accepted that gastrointestinal function
is regulated by the autonomic nervous systems, divided
into three major parts including the sympathetic, the
parasympathetic and the enteric nervous system (ENS)
(14). Stimulation of the sympathetic nervous system
increases intestinal water and electrolyte absorption
(15, 16). The sympathetic nervous system exerts tonic
control on intestinal fluid transport and its effect ismainly
a direct action through peripheralα2-adrenergic recep-
tors on enterocytes (17). Therefore, YO, a selective
α2 -adrenergic blocking agent, decreases the basal
absorption rate of the jejunum. In the present study,
YO singularly demonstrated an anti-absorptive action
of ethanol. The value of Ka in CY with YO did not
significantly decrease compared to YO alone, but
additional inhibition of EtOH absorption was observed
in the CY＋YO group, compared to the CY group.
AcH activity may therefore be masked by the action
of YO, owing to its pharmacological effects and being
potent under our experimental conditions.
The α2 -adrenergic binding sites have been identified
in the dorsalmotornucleusof thevagusand in thenucleus
tractus solitarii, associated with gastrointestinal efferent
and afferent fibers, respectively (18). YO can easily enter
the central nervous system (19) andmayactdirectlywith
both peripheralα2 -adrenergic receptorson enterocytes
and centralα2 -adrenergic receptors leading to decreased
intestinal absorption (17). Inhibition of intestinal EtOH
absorption, due to YO,may bemediated throughvagus
nerve stimulation.
The PrCHO, an aliphatic aldehydes compoundsimilar
to AcH, suppresses intestinal absorption of PrOH. In
low concentration of PrCHO, it has sympathomimetic
properties similar toAcH(2, 20-22). It alsohas a pressor
effects and releases catecholamines from the adrenal
medulla and other tissues (20, 21, 23, 24). In high
dose (40mg/kg of PrCHO or AcH) administration,
the vagal stimulatory component may overpower the
sympathomimetic action and it is diminished by
atropine administration or abolished by vagotomy (25).
This also supports the concept that AcH action may
be due to vagal stimulation since the intestinal action
of AcH is abolished by atropine pretreatment (11).
It has been reported that ENS, the nerves of mu-
cosal surfaces, may play an important role with the
pathophysiology of the intestinal tract and that ENS
may contain adrenergic, cholinergic and non-adrenergic
non-cholinergic neurons (14). ENS participates in the
control of fluid and electrolyte movement over the
intestinal mucosa and hence may be influenced by
two common final pathways such as the cholinergic
and non-cholinergic pathways (14). In our previous
report, accumulation of AcH in blood stimulates
cholinergic neurons (11), but effects on the ganglionic
nicotinic receptor have not investigated yet. EtOH
absorption was not affected by pretreatment with
C6, an antagonist of the nicotinic ganglionic receptor,
as reported previously (26). The administration of C6
with CY also did not prevent the decrease in EtOH
absorption, suggesting that the nicotinic receptor does
not mediate AcH effects.
In conclusion, these observations indicate that a high
AcH concentration inbloodmaystimulate thevagusnerve
and both nicotinic-receptors andα2 -adrenoceptors have
little effect. Hence these data indirectly support the
Table 1. Peak blood concentration of 1-propanol andpropionaldehyde
in each group of Experiment 2 (n=4).







*p<0.001 compared with control. Values are means±SD.
Figure 3. Values of absorption rate constant (Ka) in each group
of Experiment 2.
The values are means±SD (n=4).
CY : cyanamide pretreated group, ＊p<0.01compared with control.
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hypothesis that cholinergic nerves mediate AcH action
in the gastrointestinal tract, via vagus nerve stimulation.
REFERENCES
1. Enomoto N, Takase S, YasuharaM, Takada A :
Acetaldehyde metabolism in different aldehyde
dehydrogenase-2 genotypes. Alcohol Clin Exp
Res 15 : 141-144, 1991
2. Brien JF, Loomis CW : Pharmacology of acetal-
dehyde. Can J Physiol Pharm 61 : 1-22, 1983
3. Kricka LJ, Clark PMS : Absorption, excretion
and metabolism of ethanol. In : Kricka LJ, Clark
PMS, eds. Biochemistry of Alcohol and Alcoholism,
Ellis Horwood, New York, 1979, pp.30-46
4. Beck IT, Dinda PK : Acute exposure of small
intestine to ethanol. Digest Dis Sci 26 : 817-838,
1981
5. Jones AW : Forensic science aspects of ethanol
metabolism. In : Maehly A, Williams RL, eds.
Forensic Science Progress, Vol.5. Springer-Verlag,
Berlin, 1991, pp.31-89
6. Ameno K, Kinoshita H, Ameno S, Ijiri I : Gastro-
intestinal absorption of ethanol. Nippon Rinsho
55(suppl, in Japanese) : 11-15, 1996
7. Shinohara T, Ijiri I, Fuke C, Kiriu T, Ameno K :
Effect of acetaldehyde on ethanol absorption
in the canine jejunum. Jpn J Alcohol & Drug
Dependence 27 : 519-527, 1992
8. Shinohara T, Ijiri I, Ameno S, Fuke C, Ameno
K : A comparative study of ethanol absorption
in the canine jejunum after pretreatment with
cyanamide or pyrazole. Alcohol Alcoholism 28:
423-429, 1993
9. Kinoshita H, Ijiri I, Ameno S, Fuke C, AmenoK :
Additional proof of reduction of ethanol absorption
from in vivo rat intestine by high acetaldehyde
concentrations. Alcohol Alcoholism 30 : 419-421,
1995
10. Kinoshita H, Ijiri I, Ameno S, Fuke C, Fujisawa
Y, Ameno K : Inhibitory mechanism of intestinal
ethanol absorption induced by high acetaldehyde
concentrations : effects of intestinal blood flow
and substance specificity. Alcohol Clin Exp Res
20 : 510 -513, 1996
11. Kinoshita H, Ijiri I, Ameno S, Kubota T, Zhang X,
Hishida S, Ameno K : Cholinergic nervesmediate
acetaldehyde action in the gastrointestinal tract.
Alcohol Alcoholism 36 : 377-380, 2001
12. Okada T,Mizoi Y : Studies on the problemofblood
acetaldehyde determination in man and its level
after alcohol intake. Jpn J Alcohol&DrugDepend-
ence 17 : 141-159, 1982
13. Yada N, Hayashi M : Experimental procedures
of drug absorption. In : HananoM,UmemuraK,
Iga T, eds. Applied Pharmacokinetics -Theory and
Experiments-. Soft Science Inc,Tokyo, 1985, pp.159-
199 (in Japanese)
14. LundgrenO, Svanaik J, Jivegard L : Enteric nervous
system.1.Physiology and pathophysiology of the
intestinal tract. Digest Dis Sci 34 : 264-283, 1989
15. Brunsson I, Eklund S, JodalM, LundgrenO, Sjovall
H : The effects of vasodilatation and sympathetic
nerve activation on net water absorption in the
cat’s small intestine. Acta Physiol Scand 106 :
61-68, 1979
16. Sjovall H : Sympathetic control of jejunal fluid
and electrolyte transport. An experimental study
in cats and rats. Acta Physiol Scand suppl. 535:
1-63, 1984
17. Liu L, Coupar IM : Role of α2 -adrenoceptors in
the regulation of intestinal water transport. Brit
J Pharmacol 120 : 892-898, 1997
18. Robertson HA, Leslie RA : Noradrenergic alpha-
2 binding sites in vagal dorsal motor nucleus
and nucleus tarcts solitarius : Autoradiographic
localization. Can J Physiol Pharm 63 : 1190-1194,
1985
19. Hoffman BB, Lefkowitz RJ : Catecholamines,
sympathomimetic drugs& adrenal receptor antag-
onists. In : Hardman JG, Limbird LE, Molinoff
PB, Ruddon RW, Gilman AG, eds. Goodman
and Gilman’s The Pharmacological Basis of
Therapeutics, 9th edition. McGraw-Hill, New
York, 1996, pp.199 -248
20. Akabane J, Nakanishi S, Kohei H,Matsumura R,
Ogata H : Studies on sympathomimetic action
of acetaldehyde.1.Experiments with blood pressure
and nictitating membrane responses. Jpn J Phar-
macol 14 : 295-307, 1964
21. James TN, Bear ES : Cardiac effects of somesimple
aliphatic aldehydes. J Pharmacol Exp Ther 163:
300-308, 1968
22. Egle JL : Effects of inhaled acetaldehyde and
propionaldehyde on blood pressure and heart
rate. Toxicol Appl Pharm 23 : 131-135, 1972
23. Eade NR : Mechanismof sympathomimetic action
of aldehydes. J Pharmacol Exp Ther 127 : 29-34,
1959
24. Schneider FH : Acetaldehyde-inducedcatecholamine
secretion fromthecowadrenalmedulla. J Pharmacol
Exp Ther 177, 109 -118, 1971
25. Egle JL, Hudgins PM,LaiFM:Cardiovascular effects
The Journal of Medical Investigation Vol. 51 February 2004 ４１
of intravenous acetaldehyde and propionaldehyde
in the anesthetized rat. Toxicol Appl Pharm 24 :
636-644, 1973
26. Hallback D-A, Eriksson M, Sjoqvist A : Nerve
mediated effect of ethanol on sodium and fluid
transport in the jejunumof the rat. Scand JGastro-
entero 25 : 859-864, 1990
H. Kinoshita et al. Ethanol absorption and acetaldehyde４２
